I. Introduction
===============

For the past few decades, various health information technologies (HITs) have been developed for translation of paper-based health information into electronic health information, and many hospitals worldwide have adopted information systems, such as an electronic health record (EHR) system \[[@B1]-[@B3]\]. A recent major topic of HIT in the United States has been EHR systems, following the enactment of the American Recovery and Reinvestment Act (ARRA) \[[@B4]\] in February 2009. The passage of the Health Information Technology for Economic and Clinical Health (HITECH) Act, part of the ARRA, aims to foster \"meaningful use\" of \"certified\" EHR technology to improve healthcare quality, efficiency, and safety through electronic exchange of health information. The HITECH Act called for the establishment of an incentive payment program, with much money allocated to incentives for eligible professionals (e.g., physicians or physician assistants) and eligible hospitals that use a \"certified\" EHR technology and demonstrate \"meaningful use\" of HIT. In particular, the Centers for Medicare and Medicaid Services (CMS) defined \"meaningful use\" criteria \[[@B5]\] in formulating and implementing the incentive program, and the Office of the National Coordinator for Health Information Technology (ONC) issued EHR certification criteria \[[@B6]\] for the \"meaningful use\" requirement. Therefore, clinicians must contemplate how \"meaningful use\" plays a role in the overall integration of EHR technology, in order to avoid penalties in 2016 \[[@B7]\]. Thanks to healthcare reform in the United States, a great number of EHR systems have been developed as providers have sought to keep pace with the rapid changes in the healthcare market. Further, the number of EHR modules or systems certified by the Certification Commission for Health Information Technology (CCHIT) is in the order of hundreds \[[@B8]\].

According to a report in \[[@B9]\], many organizations adopted an EHR system in 2010 (began to install a system in at least one facility: 34%, a fully functional EHR at one facility: 26%, a fully operational EHR system across the entire organization: 27%). Nevertheless, just 1/4th of all office-based physicians are using a \"basic\" EHR system, while only 1 in 10 is using a \"fully functional\" EHR system \[[@B10]\]. One of the reasons for the low adoption ratio of EHR systems by office-based physicians may be the difficulty in finding a proper EHR system for each physician\'s particular medical environment. That is, the EHR system providers aim to help physicians and hospitals through the incentive program by assisting them adopt an EHR system that meets the minimum criteria. At the same time, the physicians and hospitals may want to adopt an EHR system for reasons beyond the funds provided by the incentive program; they may also wish to have a powerful EHR system that improves patient care. Even though the EHR systems developed to date in many enterprises may meet the criteria requested by the CMS and ONC, some systems cannot guarantee interoperability with other medical information systems. That is, the criteria aim to make an interoperable environment for the effective and safe exchange of medical information between heterogeneous information systems. As such, the criteria are not sufficient conditions for EHR implementation; rather, they are necessary conditions. Therefore, the EHR systems should provide various functions to offer good-quality medical service to patients.

Functions that office-based physicians require are the creation of reimbursement documents and the reliable transmission of electronic insurance claims, for a practice management system \[[@B11]\]. This is because the Health Insurance Portability and Accountability Act (HIPAA) \[[@B12]\] has ordered physicians to create CMS-1500 claim forms \[[@B13]\] incorporating the information required for reimbursement, such as basic information on a patient and physician, exact information on activities of the physician, conforming to written medical standards, and information on the patient\'s insurance. Moreover, HIPAA requires that physicians transmit the claim document electronically to the insurance organizations. Various software tools such as InstaCode \[[@B14]\] and MPM Soft \[[@B15]\] supporting electronic completion of CMS-1500 form have been developed and sold. However, these tools does not fully satisfy the needs of physicians who want to operate them with an EHR system, because the functions of the tools are specialized in completing CMS-1500 form, i.e., physicians must enter information manually into the tools through keyboard interface.

Therefore, we designed and developed an electronic claim system based on an integrated EHR platform, called Seni-Care (MIPTH, Daegu, Korea) \[[@B2]\], which supports ambulatory care by office-based physicians in the United States. This was achieved by integrating various medical standard technologies to deliver interoperability between heterogeneous information systems. The developed system serves as a simple clinical data repository, automatically fills out the CMS-1500 form based on patient and physician clinical activity information, and supports electronic insurance claims by creating a reimbursement charge. The system also contains an HL7 interface engine \[[@B16]\] to exchange clinical messages between heterogeneous devices. The developed system reduces physician malpractice by suggesting proper treatments related to patient diagnoses, and it also supports physicians in easily preparing documents for reimbursement and submitting claim documents electronically to insurance organizations, without manual intervention. We performed an experiment that compared records of time spent filling out the CMS-1500 claim form directly and time spent creating electronic claim data using the developed system. This was done in order to show the usability of the developed system.

II. Methods
===========

1. System Achitecture
---------------------

In terms of the roles of the components, as shown in [Figure 1](#F1){ref-type="fig"}, SeniCare consists of four layers: 1) the storage layer; 2) boundary object layer; 3) application program layer; and 4) user interface layer. The components in each layer have individual modules and each module performs its function by interconnecting with other modules. The roles and characteristics of each layer are outlined below.

### 1) Storage layer

Electronic medical information, such as medical standard terminologies, electronic medical records (EMRs), and personal health records (PHRs), are stored and managed by operating databases. The terminology database stores the medical terminologies, referred to in creating the EMRs/EHRs; the mapping data \[[@B17]\]; and the linkage information between concepts/words in the different terminologies to support a patient\'s decision-making. Moreover, clinical document architecture (CDA) \[[@B18]\] messages, digitized from the contents of the CMS-1500 form, are stored in the CDA claim database.

### 2) Boundary object layer

The EHR platform is developed using the Java programming language, so Java database connectivity (JDBC) modules are used to connect the system and various databases. Even though JDBC modules enable connection to databases, we developed an additional module, called a database access object (DAO), in order for the modules in the application program layer to easily manage the data stored in the database without considering its type. The DAO includes SQL queries for searching, removing, and inserting data directly into the database. In particular, the data are exchanged between modules as encapsulated entity objects such as Terminology bean, EMR bean, PHR bean, and CMS-1500 bean. The claim data related to the CMS-1500 form can be managed with SeniCare, in an independent database located in the local network, or with another information system in the global network. Therefore, we developed a network module that takes charge of the transmission of electronic medical information.

### 3) Application program layer

Various modules developed to satisfy patients\' needs are located in this layer. Here, concepts/words can be searched using the Terminology Searcher and medical information related to EMRs/PHRs can be easily managed using some manager modules. Moreover, the Reimbursement Tool is used to create claim documents based on the pre-stored medical information. Data in the claim documents must be transformed to a standardized format; therefore, the HL7 interface engine and CDA converter are located and used in this layer.

### 4) User interface layer

Even though various modules are complexly interconnected with each other, the system should be easy to use for system users (physicians or nurses). One approach to designing a user-friendly interface is to ensure consistency of the frame structure and action process in the interface. Therefore, we offer a unified user interface module, based on Java swing, to maintain consistency. Moreover, even though the claim data of the CMS-1500 form is created and displayed electronically, users may feel more comfortable creating the claim data in the program, entering through an interface that looks like the CMS-1500 form. Therefore, the CMS-1500 form user interface (UI) is developed for users to create claim data.

2. Usage of Medical Terminologies on the System
-----------------------------------------------

SeniCare supports various medical standard terminologies, such as Systematized Nomenclature of Medicine-Clinical Terms (SNOWMED-CT) \[[@B19]\], International Classification of Diseases (ICD) \[[@B20]\], Current Procedural Terminology (CPT) \[[@B21]\], alternative billing codes (ABC) \[[@B22]\], 3N (North American Nursing Diagnosis Association, NANDA \[[@B23]\]; Nursing Outcomes Classification, NOC \[[@B24]\]; Nursing Interventions Classification, NIC \[[@B25]\]), and Logical Observation Identifiers Names and Codes (LOINC) \[[@B26]\], so that physicians may create standard medical information using one that is appropriate. Moreover, extra information, such as the linkage between terminologies, also helps physicians make decisions when they perform medical activities.

### 1) ICD, CPT and their linkages

Physicians\' medical activities, such as diagnosing patients and deciding treatments, greatly depend on their subjective judgments. However, physicians cannot help but consider the financial disadvantage caused by malpractice because these medical activities influence reimbursement decisions. To prevent malpractice, some physicians refer to the recommendations of clinical decision-making support systems (CDSSs), developed to support physicians\' decision-making, before they perform medical activities. Malpractice could be reduced by suggesting a list of treatments related to a specific diagnosis, based on linkage information (e.g., linkages between ICD and CPT codes), which the physicians can consider when they decide the proper treatments and request reimbursement.

### 2) NANDA, NIC, NOC, and their linkages

Nurses also can care for patients through the nursing process, which consists of a nursing diagnosis, nursing outcome, and nursing intervention. For a nurse to take proper care of patients, the linkages from NANDA to NOC and NOC to NIC are suggested in \[[@B27]\], for consideration during the nursing process. SeniCare also provides this linkage information to nurses, making medical information available on the nursing process, with 3N.

### 3) Management of mapping data

Some programs, such as cross coder \[[@B28]\], provide linkage information, but the information needs to be created or modified continuously, depending on the physicians\' subjective opinion. Therefore, a mapping tool developed in \[[@B17]\] is included in SeniCare to manage linkage information.

3. Calculation of Reimbursement Charge
--------------------------------------

After a patient visit, physicians need to claim a reimbursement from the provincial government for the medical service rendered. As mentioned in section I, the government asks the physicians to complete standard claim documents, such as the CMS-1500 form. This form lists the physicians who performed the treatments, the patient, the treatments performed and related diagnoses, and the reimbursement charge related to the treatments. In particular, the charge is calculated using the fee indicated for each code in the Healthcare Common Procedure Coding System (HCPCS) \[[@B29]\], or its subset, the CPT. The fee is determined by consensus among many professionals, based on the following criteria: time, skill, risk to the patient and practitioner, severity of problems, geographic area, and annual budget neutrality. Using these criteria, factors such as Relative Value Units (RVUs), the conversion factor (CF), and Geographic Practice Cost Indices (GPCIs) corresponding to a CPT code are suggested, to derive the reimbursement charge \[[@B30],[@B31]\]. The following formula demonstrates how to compute the reimbursement charge of a specific medical service for non-facility office physicians.

*Non* - *Facility Payment Amount* = \[(*RVU~work~* + *GPCI~work~*) + (*RVU~Non-Facility\ PE~* + *GPCI~PE~*) + (*RVU~MP~* + *GPCI~MP~*)\] × CF (\$)

Where the subscripts denote the following. \"Work\" denotes the relative level of time, skill, training, and intensity to provide a given service. \"PE\" denotes the portion of the reimbursement associated with the practice expense, including reimbursement for supplies, equipment, and non-physician staff. \"Non-Facility\" denotes the service setting, which is generally a freestanding physician\'s office. \"MP\" denotes the portion of the reimbursement associated with malpractice expenditures. [Table 1](#T1){ref-type="table"} lists the GPCI factor and [Table 2](#T2){ref-type="table"} lists the RVU and CF factors, issued in 2010 \[[@B30]\]. For example, supposing that a patient visits a physician\'s office, located in Orlando, Florida, and the patient receives medical service (CPT: 23405), the charge is calculated as follows:

*Non* - *Facility Payment Amount* = \[(8.54 + 1.0) + (6.62 + 0.97) + (1.22 + 1.724)\] × \$36.8729 ≈ \$629.22

Nurses also can claim reimbursement according to their clinical activities related to nursing intervention in the United States; however the intervention codes, such as NIC and clinical care classification, are not reimbursement codes. Therefore, nurses should choose a relative code (ABC code) in HCPCS in order to create claim data. Different from the formula for physicians\' claims, the charge for ABC is calculated by multiplying the given unit value, shown in [Table 3](#T3){ref-type="table"}, with the CF \[[@B30]\]. For example, if a nurse provided massage therapy to an infant for 15 min (ABC: CBEAG) in 2010, the charge is calculated as follows:

*Payment Amount* = 3 × \$36.8729 ≈ \$110.61

[Figure 2](#F2){ref-type="fig"} shows the procedure used to derive the reimbursement charges for physicians and nurses, respectively. As shown in [Figure 2A](#F2){ref-type="fig"}, if the physicians decide upon CPT codes by referring to mapping data between ICD and CPT codes, or based on the physicians\' individual opinion, the system gives the charge to the physicians by calculating it based on the related factors, after identifying the CPT code. For the nursing process, as shown in [Figure 2B](#F2){ref-type="fig"}, if the nurses decide upon interventions (NIC or Clinical Care classification \[CCC\]), the system finds reimbursable ABC codes by referring to mapping data between NIC/CCC and ABC, and gives the charge to nurses by calculating it using the related unit value, after identifying the ABC code.

4. Medical Claim Documents and Electronic Transmission
------------------------------------------------------

Insurance claims due to physicians\' medical activities should be recorded using CMS-1500 forms. This form contains much information, such as the diagnosis based on the ICD code set, treatments related to the diagnosis based on the CPT or HCPCS (including ABC) code set, and personal information about physicians and patients (e.g., name, address, phone, gender, insurance, affiliation). This information may be written repeatedly into the CMS-1500 form if physicians use paper documents. However, it may be very convenient if a program writes the information automatically, in the physicians\' stead, and the physicians then only confirm the written documents. We try to reduce confusion when physicians confirm the data in the documents by offering a UI structure that is similar to the CMS-1500 hardcopy form. Moreover, the reimbursement charge is calculated and filled into the form automatically, based on the treatments\' CPT or ABC code. [Figure 3](#F3){ref-type="fig"} shows a snapshot of the CMS-1500 form UI.

HIPAA, enacted by the United States Congress in 1996, is a set of rules and regulations that establishes standards for the transmission of electronic healthcare data. The standard basically targets information exchange by representing the data using the CDA, which is part of the HL7 version 3 standards structure and semantics of clinical documents for exchange. Therefore, the electronically created claim information needs to be transformed to a standard format, such as CDA. The system also does the transformation automatically. [Figure 4](#F4){ref-type="fig"} shows the HL7-based CDA schema that represents the CMS-1500 form.

III. Results
============

Here, we show, at the beginning of the section, the whole system usage procedure-from \"a patient visiting a physician\'s office\" to \"filing an electronic claim,\" i.e., the activities of a physician servicing a patient using the developed EHR system (e.g., making a diagnosis, deciding upon a treatment according to the diagnosis, and creation of the electronic claim, based on the treatment). Moreover, we confirm, at the end of the section, the usability of the system, by comparing two experimental results: preparing claim documents by filling out the CMS-1500 hardcopy forms and by using the electronic claim system.

1. System Usage Procedure
-------------------------

The whole procedure of physicians\' activities for patient care usually comprises the following: Patient visiting → insert basic information on patient → treating patient → calculating reimbursement charge based on the treatments → writing claim document → final confirmation by physician and patient → transmission of the claim document. Based on this procedure, we show an example of how an electronic claim is made through the system, using the following case: \"a patient, Hune Cho, who is a 58-year-old male, visits the physician\'s office located in Houston, Texas, for his condition of hypertension. Therefore, the physician, making the diagnosis of benign hypertension (ICD: 4011), performs a face-to-face treatment for 15 minutes with the patient (CPT: 995213).\"

### 1) Inserting basic information on patient

The physician inserts all information on the patient into the system. [Figure 5](#F5){ref-type="fig"} shows a summary of the patient\'s personal and health information offered by the system.

### 2) Making decision and decision of treatment

The physician makes a decision with the ICD code after observing the patient\'s symptoms. As shown in [Figure 6A](#F6){ref-type="fig"}, the physician can search ICD codes with the keyword \"hypertension.\" Moreover, the physician can choose an ICD code from a list of diagnoses that the patient has received in the past. After making a diagnosis, the physician decides upon the proper treatments for the said diagnosis. To generate electronic information and a claim document, the physician also chooses a supporting CPT code in the system. If there exists a list of CPT codes, as shown in [Figure 6B](#F6){ref-type="fig"} (i.e., the \"Current Diagnosis\" panel associated with an ICD code selected previously), the system suggests proper CPT codes related to the indicated ICD in the \"Linked CPT List\" panel. This method may prevent physician malpractice and may reduce the rejection ratio associated with performing treatments that are unrelated to the specific diagnosis.

If there is no CPT list related to an indicated ICD code, the physician cannot help but decide upon a CPT code by searching from the CPT code set. However, this activity (searching a CPT code directly) may be periodically repeated. As such, it is very convenient to store and reuse the linkage data between ICD and CPT codes in the system. Therefore, the physician creates new mapping data with a mapping tool \[[@B17]\] adopted in SeniCare, as shown in [Figure 7](#F7){ref-type="fig"}.

### 3) Writing the CMS-1500 claim form

The system automatically generates the claim document by transferring basic personal information on the patient and physician to the CMS-1500 claim form. In particular, the system calculates the reimbursement charge based on the performed treatment, represented by a CPT or ABC code. In the case above, the charge will be \$67.29, calculated based on (CPT: 99213) associated with (ICD: 4011), in Texas, in 2011. Moreover, the physician can confirm the created data through the system\'s CMS-1500 form UI, which aligns with the CMS-1500 form format, and the physician can then modify the claim data directly in the UI.

### 4) Submission of Claim Data

Finally, the confirmed claim information is transformed into a CDA message automatically, and this message will be transmitted to other heterogeneous information systems through a previously set up network.

2. Result of Experimental Study
-------------------------------

In order to confirm the usability of the system, we compared records measuring the time spent completing CMS-1500 forms for five patient visits, using two methods: 1) manually filling out the CMS-1500 form and 2) creating a claim form using the system. We compared the results recorded with respect to three features, including \"inserting basic information on the patient and physician,\" \"calculation of the reimbursement charge based on the performed treatment,\" and \"creation and confirmation of the claim form.\" [Tables 4](#T4){ref-type="table"} and [5](#T5){ref-type="table"} present the time recorded when the CMS-1500 form is filled out by a physician directly and when the claim data is created by the system.

In the first test, the time required to insert basic information did not need to be recorded, because the system was not used in this test. However, much time was needed to calculate the reimbursement charge and to create claim data, because the physician should fill out all required fields directly, even if the basic information on the patient and physician overlaps across all claim sheets.

In the second test, extra time was spent inserting basic information on the patient into the system, because the patient was presumed to be visiting the office for the first time. However, no extra time was needed to insert the information into the system after this initial effort. Moreover, it was unnecessary to measure the calculation time for the reimbursement charge because the system automatically calculates the charge based on the treatments already recorded by the physician. It was also unnecessary to measure the creation time of the claim data because the system fills out the required fields of the CMS-1500 form (if it is measured meticulously, less than 1 sec may be taken). The values in the fourth field of [Table 5](#T5){ref-type="table"} are the time spent by the physician confirming the claim data.

From these tests, we can conclude that the system greatly reduces the time and effort required in writing the claim documents. In this test, we did not consider the transformation of the created claim data for transmission to other information systems, because comparison of this transformation process by post and by online network is basically meaningless.

IV. Discussion
==============

In this study, we designed and developed a system to support the creation of electronic claim data. This system automatically fills out CMS-1500 forms based on patient information and information on physicians\' clinical activities. Further, the system automatically calculates the associated reimbursement charge. The system also contains an HL7 interface engine, to exchange clinical messages between heterogeneous devices. In order to demonstrate the usability of the developed system, we performed an experiment that compared records of the time spent filling out the CMS-1500 form directly and that spent creating electronic claim data using the developed system. From the test results, we concluded that the system could save much time for physicians in creating claim documents, and it may be useful to those who require a reimbursement-specialized EHR system.

The developed system does not completely satisfy all criteria requested by the CMS and ONC. That is, there is no interaction information on drug-drug and drug-allergy in the system, which must be implemented to meet the \"meaningful use\" requirements. Moreover, the security of data transmission also should be warranted in the system to achieve HIPAA Security Compliance. To overcome the limitations of the system, additional information guaranteed by medical experts and technologies related to secure data transmission should be included to the system. Therefore, further studies should be conducted on implementing all criteria and offering a more stable, safe, and transparent transmission of the electronic claim data.
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ABC: altermative billing codes.
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